Background Depression and being overweight are correlated health problems in adulthood. Adolescence is a significant period for the onset and increase of depression and obesity, especially among girls. Pubertal development also occurs with concomitant increases in weight. Thus, it is not yet clear whether the association between depression and being overweight can be explained by pubertal development. Purpose We examined the association between depressive mood, body weight, and pubertal status in adolescent girls. Method The design was cross-sectional. In 962 young adolescent Dutch girls (age range, 11.9-15.9) weight and height measurements were used to calculate height, age, and gender-standardized body weight (zBMI). Questionnaires assessed depressive mood (the Center for Epidemiological Studies-Depression, CES-D, inventory) and menarcheal status (pre or post). Results The correlation between menarcheal status and body weight (r=0.34, p<0.001) was not affected by depressive mood, and the correlation between menarcheal status and depressive mood (r=0.20, p<0.001) was not affected by body weight. A small correlation between depressive mood and body weight (r=0.12, p<0.01) largely disappeared after controlling for menarche. Conclusion Menarcheal status largely explains the association between weight and depression. It is independently associated with both BMI and depression, suggesting that different mechanisms underlie the post-menarcheal increased prevalence of depression and overweight.
Introduction
Overweight and depression are prevalent health problems [1, 2] that are correlated with each other in adulthood, especially among women [3, 4] . Associations between adolescent overweight and adult depression [5, 6] as well as between adolescent depression and adolescent and adult overweight [7] [8] [9] have been observed. Several mechanisms may explain these associations: being overweight may facilitate the development of depression due to low self-esteem and body dissatisfaction [10] , and depression may facilitate becoming overweight due to reduced physical activity [11] , increased eating [12] , reduced selfregulatory strength [13] , and low self-efficacy [14] .
Moreover, similar biological mechanisms such as predisposing genotypes [2] and the neuroendocrine system [15, 16] may be involved in both the development of depression and becoming overweight. Although multiple explanations have been suggested, the association between depression and being overweight is not consistently established [17, 18] .
Adolescence is a significant period for the onset and increase in both depression and obesity, especially among girls [19, 20] . Findings from the separate research fields investigating depression and overweight suggest that pubertal status, rather than age, is implicated in the increasing prevalence of both depression and obesity in adolescence, with this influence being most apparent among girls and in advanced pubertal stages [21] [22] [23] [24] . To date, only one study simultaneously examined and verified an association between puberty, actual depression, and obesity [25] . The aim of our cross-sectional study was to gain further insight into the possible overlapping associations of puberty with both increased depressive mood and body weight. To clarify whether the association between depression and weight could be explained by pubertal status, we examined in adolescent girls the depression-corrected association between puberty and weight, the weight-corrected association between puberty and depression, and the puberty-corrected association depression and weight. We conducted these analyses to verify that the link between puberty and being overweight was not an artifact of depression and that the link between puberty and depression was not an artifact of being overweight. Menarcheal status, as a clearly identifiable stage of pubertal development and physical measures of weight and height were used.
Methods

Design and Procedure
A cross-sectional design was used. Data from the current study were drawn from the baseline data that are collected as part of an ongoing study entitled the "Mental Health and Health Habits" study. Seven high schools in the Netherlands participated; three schools were located in cities and four were located in the suburbs of these cities. An information letter describing the goal and procedure of the study was sent to the parents (N=2,216) who either e-mailed or telephoned the research office if they did not consent to their child's participation. A sample of 2,051 adolescents (1,056 boys and 995 girls) completed the first wave of data collection, with nonparticipation resulting from parental or participants' denied consent, absence on the day of testing, or moving out of the school system. Details of the study have been described elsewhere [26] . For the purpose of the present study, only the data of the girls were analyzed. Schools were visited by trained researchers and graduate students from February until May 2007. A ten-page questionnaire was completed by adolescents during regular lesson time in the presence of a researcher. Weight and height measurements were performed individually out of sight of classmates. For confidentiality, a numeric code was used to identify adolescents. The study was approved by the Institutional Ethical Committee (Radboud University Nijmegen).
Participants
Participants were adolescent girls who followed regular secondary education (high school) in the Netherlands. The mean age of the girls was 13.8 years (standard deviation 0.7; range, 11.9-15.9) and the mean body mass index (BMI, the weight divided by the square of the height in meters) was 20.0 kg/m 2 (standard deviation 2.9, range 13.6-32.0). The majority of the girls (95%) were of Dutch origin.
Measurements
Body Weight Height was measured to the nearest 0.5 cm (Seca 214) and weight to the nearest 0.1 kg (Mettler PM 3000) with participants wearing light clothes and no shoes. Age was calculated to the nearest month from the date of birth and date of measurement of participants. Using the Centers for Disease Control and Prevention data, age-and gender-standardized BMI scores (zBMI) were calculated [27] .
Depressive Mood To measure depressive mood, the Dutch version of the Center for Epidemiological StudiesDepression (CES-D) inventory was used. This 20-item self-report scale has been used and found suitable for adolescents [28] and has recently been validated in a large Dutch sample [29] .
Pubertal Development Menarcheal status was determined dichotomously by asking in the self-report questionnaire "have you begun to menstruate?" with the answering possibility "yes" and "no". Menarche is a relatively late, but objective pubertal event occurring in the majority of cases when at least Tanner stage 4 on breast development has been attained [30] .
Education Level Participants' current education level was assessed on a 7-point scale, with levels 1 and 2 reflecting pre-vocational education; levels 3, 4, and 5 intermediate education; and levels 6 and 7 pre-university education.
Statistical Analyses
To examine the association between pubertal status, depressive mood and body weight among adolescent girls, two bivariate correlation coefficients were calculated between each possible set of two variables: one with and one without partialling out the effect of the other (third) variable. These analyses show: (1) whether or not depressive mood affects the correlation between body weight and menarcheal status, (2) whether or not body weight affects the correlation between depressive mood and menarcheal status, and (3) whether or not the correlation between body weight and depressive mood is affected by the effect of menarcheal status. All correlations included a control for education level. To further test whether or not the third variable explained the correlations between the two other variables, mediational analyses according to common procedures were applied [31] . In the first step, the association between predictor and potential mediator was determined. In the next step, regression analysis was performed to test the association between predictor and outcome variable, controlling for the mediator. If the association was reduced significantly (using the Sobel test), this was considered to indicate mediation.
The score distributions of zBMI and education level were normal (skewness<1). Because the score distribution of depressive mood (CES-D) was positively skewed (1.62), these scores were changed by logarithmic transformation (base 10 log) with a constant of 1 added to the values.
All significance tests were two-tailed and p values less than 0.05 were considered to be significant. Analyses were performed using SPSS version 16.
Results
Characteristics
Of the sample of 995 girls, 962 subjects (97%) with complete data on the variables of interest were included in the analyses. This was done to be able to compare all data. The groups with complete and incomplete measurements showed no differences with respect to education level, zBMI, depressive mood, and menarche. Table 1 shows the descriptive statistics for the final sample. The depression (CES-D) scores for girls in our sample were comparable to the scores of a recent Dutch school sample [29] . The percentage of overweight adolescents in our sample (13%) was lower than the Dutch adolescent population (17%) [32] .
Correlational Analyses Figure 1 displays the correlations between zBMI, depressive mood (CES-D), and menarche before and after adjustment for the other variable. All analyses were corrected for education level.
The correlation between zBMI and menarche was of moderate magnitude and highly significant (r = 0.34, p<0.001). The correlation remained similar after removal of the effect of depressive mood (r=0.33, p<0.001). The Sobel test (p=0.12) confirmed that depressive mood did not play a role in the correlation between zBMI and menarche.
The correlation between depressive mood and menarche was of small magnitude and highly significant (r=0.20, p<0.001). This correlation hardly changed after removal of the effect of zBMI (r=0.17, p<0.001). The Sobel test (p=0.07) confirmed that zBMI did not play a role in the correlation between depressive mood and menarche.
The correlation between depressive mood and zBMI was of small magnitude, though significant with this large sample size (r=0.12, p=0.002). This correlation was significantly reduced after removal of the effect of menarche resulting in an almost zero correlation (r=0.05, p=0.11). The Sobel test confirmed that the small correlation between depressive mood and zBMI was significantly explained by menarche (p<0.001).
Discussion
Our study showed that menarcheal status of adolescent girls was related to both body weight (zBMI) and depressive mood but that these associations were independent of the other variable. That is, the link between menarcheal status and weight was not explained by depression nor was the link between menarcheal status and depression explained by weight. We did find a weak link between depressive mood and zBMI but this was explained by menarcheal status. Advances in pubertal development in girls are accompanied by rises in body weight. Puberty rather than age has been observed to be important for the subsequent development of excess weight [22, 33] . The observations in our cross-sectional study are in agreement with these observations from longitudinal studies. The correlation between menarcheal status and body weight was of moderate magnitude and several reasons may underlie this correlation. First, as girls mature they tend to become less physically active [34] and show less healthy dietary behavior [35] , both of these changes may lead to increases in weight. Because of the slowing of growth in height after menarche any weight gain results in excess body mass. Thus, puberty-related changes in behavior result in increases in body mass. Second, overweight in young girls is associated with earlier onset of puberty [36] , and a shared genetic predisposition may affect both sexual maturation and the development of obesity [37] . Hence, puberty and weight-related changes may be linked with a third factor. While this third factor might be a genetic predisposition [38] , the results from our study demonstrate that depressive mood does not underlie the correlation between menarcheal status and body weight.
Adolescence is also accompanied by higher rates of depression in girls [19] . Maturation of the hypothalamicpituitary gonadal axis has been postulated as a possible underlying mechanism for both being overweight and developing depression [21] . However, instead of being activated simultaneously as a result of pubertal changes, depression may be linked with hypothalamic-pituitary activity [15, 39] in different ways and at different times than obesity. Complementary to biological factors, psychosocial variables like father absence can result in both depression and early menarche [21, 40, 41] . This shows that pubertal development is a biological phenomenon that can be affected by the psychosocial context. The increased likelihood of multiple, simultaneous social changes occurring during the adolescent period (in school, friends, and family), together with increased vulnerabilities resulting from cognitive (e.g., body objectification consciousness) and affective (emotional reactivity) changes coupled with simultaneous pubertal changes all coalesce to increase the risk of depression among adolescent girls [42, 43] . Our analyses showed that although menarcheal status was correlated to both body weight and depressive mood, these associations were not affected when controlling for the other variable. That is, the link between menarcheal status and body weight was not affected when depression was controlled, nor was the link between menarcheal status and depression affected when body weight was controlled. This convincingly suggests that separate mechanisms play a role in the association between puberty and body weight and the association between puberty and depressive mood in adolescent girls.
Although several studies have found a correlation between depression and overweight in adult women [3, 4, 44] , the concomitant occurrence of adolescent depression and overweight is far less clear [45] . Likewise, in our study, the association between depressive mood and body weight was found to be weak. This might be considered unexpected, because obesity in adolescence predicts adult depression and depression in adolescence predicts adult obesity [5] [6] [7] [8] 46] . These associations, however, involve a time lag. The combined results of a non-significant cross-sectional association between weight and depressive mood in the present study and significant prospective adolescence-adult associations in another suggest that the one problem (such as depression) may induce the other problem (overweight) only after some time. For instance, reduced physical activity and increased eating may explain why depressive mood prospectively predicts obesity [2] . Alternatively, the development of being overweight and depression may follow different timetables. The weak correlation between body weight and depressive mood in our study largely disappeared after controlling for menarche. In contrast, a previous study-with cross-sectional correlations being of similar magnitude as in our study-found that the strength of the association between depression and obesity did not change with pubertal development [25] . Possible explanations are different measurements and definitions of pubertal status (five stages based on various secondary sexual characteristics versus menarcheal status), the indicator of weight (obesity cut-off scores versus a continuous measure), and depressive mood (Symptom Checklist-90 versus CES-D). The different findings and the relative lack of such studies suggest that more research is necessary to clarify the influence of puberty on depression and body weight. Our study has strengths and weaknesses. Strengths of our study include the large sample size and the use of objective weight and height measurements instead of self reports. One limitation is the cross-sectional study design. Although causal inferences cannot be drawn from correlations, rejection of causal relationships is indicated by the absence of association. Future longitudinal research measuring depressive mood and weight change will give more information about the temporal relationship between development of overweight and depressive mood in adolescent girls. A second possible limitation of our study is that we used menarcheal status as a measure of pubertal stage. This is a relatively late pubertal event and a rough measure of pubertal stage [47] . An advantage of this measure is that it is an accurately reported and a more objective measure than secondary sexual characteristics such as breast development stage. A third limitation is that we did not have information on socio-economic status, although we used education level as a rough proxy. Finally, our depressive mood scores were not dissimilar from other studies [29] , but the percentage of overweight in our sample was somewhat below the Dutch average [32] , a difference that may be due to the relatively high education level of our sample.
In conclusion, we found independent associations of menarche with both BMI and depression, suggesting that different mechanisms underlie the post-menarcheal increased prevalence of depression and overweight. Further research is needed to identify these mechanisms.
